GaN Schottky barrier photodetectors with SiN / GaN nucleation layer were fabricated. It was found that leakage current was much smaller and much less bias dependent for the photodetector with SiN / GaN nucleation layer, as compared to the photodetector with conventional low-temperature GaN nucleation layer. It was also found that effective Schottky barrier height increased from 1.27 to 1.53 eV with the insertion of the SiN layer. Furthermore, it was found that the authors can effectively suppress internal gain of the detector and enhance ultraviolet to visible rejection ratio by using the SiN / GaN nucleation layer. [5] [6] [7] [8] Compared with bipolar photodetectors, the fabrication process of Schottky barrier photodetectors ͑SBPDs͒ is simpler. The response speed of SBPD is also fast. However, leakage current in SBPD is higher. It is known that leakage current depends strongly on the quality of the epitaxial layers. For GaN prepared on sapphire, dislocation density is high due to the large mismatches in lattice constant and thermal expansion constant. Thus, leakage current in GaN-based SBPD is high in general. Conventional method to overcome this problem is to deposit a thin low-temperature ͑LT͒ GaN nucleation layer prior to epitaxial growth. To further reduce dislocation density, techniques such as epitaxial lateral overgrowth ͑ELO͒ were often attempted.
͑LEDs͒ and ultraviolet ͑UV͒ photodetectors. 3, 4 To date, various types of GaN UV photodetectors have been demonstrated. [5] [6] [7] [8] Compared with bipolar photodetectors, the fabrication process of Schottky barrier photodetectors ͑SBPDs͒ is simpler. The response speed of SBPD is also fast. However, leakage current in SBPD is higher. It is known that leakage current depends strongly on the quality of the epitaxial layers. For GaN prepared on sapphire, dislocation density is high due to the large mismatches in lattice constant and thermal expansion constant. Thus, leakage current in GaN-based SBPD is high in general. Conventional method to overcome this problem is to deposit a thin low-temperature ͑LT͒ GaN nucleation layer prior to epitaxial growth. To further reduce dislocation density, techniques such as epitaxial lateral overgrowth ͑ELO͒ were often attempted.
1 However, ELO is complex and inevitably results in low production yield. Recently, it has been reported that one can reduce the defect density in GaN-based epitaxial layers using GaN / SiN as the nucleation layer. 9, 10 As shown in Fig. 1 of Ref. 11 , it was found that there exist nanometersized holes on the surface when SiN layer is deposited onto sapphire substrate. A resulting porous SiN layer can enhance lateral growth, which is similar to that in ELO. Nitride-based LEDs using this approach have been demonstrated. 12 Similar concept should be applied to detector applications. In this letter, we report the fabrication of GaN-based SBPD with SiN / GaN nucleation layer. The optical and electrical properties of the fabricated devices will also be discussed.
Samples used in this study were all grown on sapphire substrates by metal organic chemical vapor deposition. 13, 14 Prior to the growth, sapphire substrates were annealed at 1180°C in H 2 ambient to remove surface contamination. We subsequently deposited a 30-nm-thick LT GaN layer at 580°C followed by a LT SiN layer. The growth time of the LT SiN layer was 300 s. We then raised the temperature to 1020°C to grow a 2-m-thick GaN epitaxial layer ͑i.e., sample A͒. For comparison, samples without the SiN layer were also prepared ͑i.e., sample B͒. After the growth, we performed etch pit study for these two samples. Figures 1͑a͒ and 1͑b͒ show atomic force microscope ͑AFM͒ images of the etched samples A and B, respectively. From these AFM images, it was found that etch pit density was 9.2ϫ 10 8 cm
for sample B with conventional LT GaN nucleation layer. In contrast, etch pit density was only 3.3ϫ 10 8 cm −2 for sample A. These values indicate that we can indeed reduce dislocation density in GaN epitaxial layer by inserting the LT SiN layer. SBPDs were then fabricated. After mesa etching for 0.5 m, we deposited Ti͑15 nm͒ /Al͑400 nm͒ as the Ohmic contact, and subsequently thermally annealed at 700°C for 5 min for alloying. Ni͑3 nm͒ /Au͑6 nm͒ was used as the Schottky contact material. Figure 2 shows dark current-voltage ͑I-V͒ characteristics of the fabricated SBPD. With −5 V applied bias, it was found that reverse leakage current of sample A was 7.8 ϫ 10 −12 A, while that of sample B was four orders of magnitude larger. It should be noted that leakage current of sample B depends strongly on reverse bias. The much smaller and much less voltage dependent leakage current observed from sample A should be attributed to the use of SiN / GaN nucleation layer. These results also suggest that we can reduce threading dislocation in the epitaxial layer and thus improve device performance by inserting the porous SiN layer. With the SiN / GaN nucleation layer, Schottky barrier height should be enhanced due to the reduction of trap levels within the band gap of GaN. According to the Norde method, the effective Schottky barrier height ͑ b ͒ of these two samples can be determined by plotting F͑V͒ − V curves. The F͑V͒ function is defined as
where I͑V͒ could be achieved from the I-V curves. From the minimum in the F͑V͒ − V curve, we can calculate the effective Schottky barrier height by
where F͑V min ͒ is the minimum point of F͑V͒ and V min is the corresponding voltage. Figure 3 shows F͑V͒ − V curves of samples A and B which were replotted from Fig. 2 . From these curves, it was found that the effective Schottky barrier heights of samples A and B were around 1.53 and 1.27 eV, respectively. These values agree with the aforesaid issue that larger barrier height resulted in the lower dark current in sample A, as compared with conventional SBPD with single LT GaN nucleation layer. Figures 4͑a͒ and 4͑b͒ show spectral response of samples A and B, respectively. It can be seen that cutoff occurred at around 360 nm for both samples. With incident light wavelength of 360 nm and −1 V applied bias, it was found that measured responsivities for these two samples were both around 0.10 A / W. As shown in Fig. 3͑b͒ , the responsivity of sample B increased to 0.37 A / W as the reverse bias was increased to −5 V. This suggests that some internal gain exists in sample B, which probably originated from the threading dislocation in the epitaxial layer. 16 Very recently, it has been reported that internal gain in GaN-based SBPD is related to the persistent photocurrent gain. 17 In brief, dislocation related surface/interface traps in GaN epitaxial layers can act as generation-recombination centers. Other than the photovoltaic current, an additional current will be created by photogenerated holes drifting to the metal-semiconductor interface when SBPD was under illumination. The holes trapped at the surface sites produce net positive charges which will affect the equilibrium surface charge. This will reduce the depletion width and the build-in voltage to cause a lower Schottky barrier height. Thus, we observed a larger dark current from sample B. In contrast, the responsivity of sample A shown in Fig. 3͑b͒ was almost independent of bias, implying the internal gain in sample A is much smaller. The experimental evidence again could be attributed to the diminishing effect of threading dislocation owing to the use of SiN / GaN nucleation layer. Here, we define UV to visible rejection ratio as the responsivity measured at 360 nm divided by the responsivity measured at 420 nm. With −1 V reverse bias, it was found that UV to visible rejection ratios were 1.61ϫ 10 3 and 1.25ϫ 10 3 for samples A and B, respectively. As we increased the reverse bias to −5 V, it was found that UV to visible rejection ratios became 1.07ϫ 10 3 and 1.00ϫ 10 2 for samples A and B, respectively. The findings indicate an enhancement of UV to visible rejection ratio as result of inserting a LT SiN layer into the photodetector. It also indicates that such enhancement is more pronounced when the photodetectors were operated at large reverse bias.
In summary, GaN Schottky barrier photodetectors with SiN / GaN nucleation layer were fabricated. It was found that leakage current was much smaller and much less bias dependent for the photodetector with SiN / GaN nucleation layer, as compared to the photodetector with conventional LT GaN nucleation layer. It was also found that effective Schottky barrier height increased from 1.27 to 1.53 eV with the insertion of the SiN layer. Furthermore, it was found that we can effectively suppress internal gain of the detector and enhance UV to visible rejection ratio by using the SiN / GaN nucleation layer.
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